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© A laser alignment control system is provided for 
maligning a rotational portion of a machine tool to a 
master part. The system includes a laser emitter that 
is mountable to one of the components being 
aligned and a photosensitive target mountable to the 
other components. The system further includes a 
data acquisition subsystem for receiving signals from 
the target and calculating alignment errors and re- 
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quired corrections for the system. The alignment 
procedure requires rotating the target for the laser 
emitter in the rotating tool holder or the master part. 
The target and/or the laser emitter are provided with 
a rotational orientation sensor operatively connected 
to the data acquisition subsystem and operative to 
produce signals identifying the rotational orientation 
of the target and/or laser emitter. 
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CROSS-REFERENCE TO RELATED APP LICA- 
TION " 

This application is a continuation-in-part of U.S. 
Patent Application Serial No. 427,759 entitled LA- 
SER ALIGNMENT CONTROL SYSTEM which was 
filed by Martin R. Hamar on October 26, 1989. 

BACKGROUND OF THE INVENTION 

Automated manufacturing processes often re- 
quire precise machining or manufacturing oper- 
ations to be performed by at least one machine on 
a workpiece. For example, automated industrial 
machines may be required to initially bore one or 
more holes in a piece of stock material. The same 
machine or a second machine may then be oper- 
ative to chamfer or enlarge the entrance to the 
previously bored hole. Still another machine or 
another part of the original machine may then be 
operative to tap threads into at least a portion of 
the previously bored hole. Continuing with this ex- 
ample, the axis of the hole being bored and tapped 
may be obliquely aligned to adjacent surfaces of 
the stock material, and at least portions of the 
machining operation may take place at a relatively 
inaccessible location within the stock material. Ma- 
chining operations of this type are carried out wide- 
ly, for example, in the automotive industry. Large 
numbers of machining operations must be carried 
out on engine blocks and on the housings for 
carburetors, fuel pumps, distributors and such. A 
very high degree of precision generally is required 
for such machining operations. This great precision 
not only improves the quality of the part being 
produced, but also increases tool life and reduces 
down time for a machine line. Even small improve- 
ments in the currently employed automated ma- 
chine lines and corresponding reductions in down 
time can result in very significant cost savings. 

All automated machine tool equipment includes 
means for adjusting the relative alignment between 
the machine tool and the workpiece. Some manu- 
facturing lines may be adapted to adjust the posi- 
tion and alignment of the machine, others enable 
adjustments to the position and alignment of the 
workpiece, while still others enable adjustments to 
be effected on both the machine tool and the 
workpiece. The particular arrangement for adjust- 
ability will depend, in part, upon the manner of 
movement of the machine tool and/or the work- 
piece during a machining operation. Typically ad- 
justments to the machine tool and/or the workpiece 
are carried out by shim assemblies which are ad- 
justably positioned between the machine tool and a 
base and/or between the workpiece and a base. 

Machine tool alignment typically is checked by 
employing a master part. A master part is a pre- 
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cisely manufactured piece of stock material that 
accurately duplicates at least a portion of a speci- 
fied part. The position and alignment of the ma- 
chine tool and the master part can be compared, 
s and adjustments to one or both may be effected as 
needed. 

The most widely employed prior art apparatus 
for checking alignment includes mechanical or 
electromechanical gauges and/or instruments. The 
w spatial positions and orientations of tools and mas- 
ter parts can be determined by mechanical means 
which may be operatively connected to electronic 
readouts to provide an indication of alignment er- 
rors. These mechanical or electromechanical 
75 gauges are generally complex, costly pieces of 
equipment that are specifically dedicated to a par- 
ticular machine or a particular type of machine. 
Additionally, even the most sophisticated mechani- 
cal or electromechanical gauge is subject to geo- 
20 metric distortion in response to the effects of grav- 
ity, temperature changes or other variables. 

Laser beams are known to define a substan- 
tially straight line that is dimensionally stable over a 
relatively long distance. Lasers have been used in 
25 combination with photosensitive targets that are 
operative to sense and identify the location of the 
center of energy of a laser beam impinging there- 
on. This combination of a laser emitter and a 
photosensitive target have proved to be extremely 
30 efficient and accurate for measuring alignment be- 
tween two spaced apart objects. In particular, the 
laser emitter may be mounted to one object to be 
aligned while the photosensitive target is mounted 
to the other object to be aligned. 
35 A background discussion of early work in laser 

alignment is presented in Laser Alignment In In- 
dustry , ASTME Technical Paper MR68-408, 1968 
and in Laser Alignment - Current Uses And Ap- 
plications , SME Technical Paper MR76-864, 1976. 
40 The operative part of a photosensitive target is 

a small planar photocell rigidly mounted in a hous- 
ing. It is often extremely difficult to ensure that the 
surface of the photocell in the housing of the target 
is disposed at the preferred target point in the 
45 machine tool or master part to be aligned. In par- 
ticular, the photocell often is disposed forwardly or 
rearwardly of the point to be aligned or is angularly 
aligned thereto because of geometric constraints of 
the target housing, the master part or the machine 
so tool. These errors in the mounting position would 
yield measurement errors that would offset the 
potential accuracies of the laser alignment system. 
These problems were overcome by U.S. Patent No. 
4,483,618 which issued to Martin R. Hamar on 
55 November 20, 1984. In particular, the target of U.S. 
Patent No. 4,483,618 includes a mirror disposed 
such that a laser beam incident upon the mirror is 
reflected to a photocell. The photocell is disposed 
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such that the optical distance between the reflec- 
tive surface of the mirror and the photocell is equal 
to the distance between the reflective surface on 
the mirror and a point on the workpiece or tool to 
which alignment will be compared. These equal 
distances enable accurate measurements for those 
instances where it is inconvenient or impossible to 
actually place the photocell at the desired mea- 
surement point. This equidistant relationship en- 
sures that the target of U.S. Patent No. 4,483,618 
will provide accurate readings despite any angular 
misalignment of the target housing on the object to 
be aligned. Despite these many advantages, a tar- 
get manufactured in accordance with U.S. Patent 
No. 4,483,618 may be geometrically well suited for 
one master part or machine tool, but not geometri- 

•cally well suited for a different master part or 
machine tool. The structural requirements of these 
targets makes it impractical to consider adjustably 
mounting the photocell relative to the mirror to 
better accommodate geometric constraints of the 
particular machine system being aligned. 

Another very significant laser alignment ap- 
paratus is shown in U.S. Patent No. 4,566,202 
which issued to Martin R. Hamar on January 28, 
1986. U.S. Patent No. 4,566,202 shows a laser 
emitter which can be mounted in a spindle or 
chuck of a rotating tool holder. The laser emitter of 
U.S. Patent No. 4,566,202 is used in combination 
with a photosensitive target which may be the 
target of the above described U.S. Patent No. 
4,483,618. The laser apparatus of U.S. Patent No. 
4,566,202 is used by rotating the tool holder in 
which the laser emitter is mounted. An improperly 
aligned tool holder will cause the laser beam to 

•generate an annulus on the target mounted in the 
master part. The displacement and angular align- 
ment of the laser beam can be accurately deter- 
mined by readings from the target and appropriate 
adjustments can be made. Although this system is 
extremely effective, it may require the technician to 
perform various arithmetic calculations to deter- 
mine the type and amount of misalignment and the 
adjustments that would be required to correct the 
misalignment. These arithmetic calculations may 
go beyond the abilities of the technician or machin- 
ist responsible for ensuring proper alignment 
Microprocessors with appropriate software have 
been made available through Hamar Laser Instru- 
ments, Inc. to facilitate certain of these mathemat- 
ical calculations. However, some technicians have 
encountered difficulties in working with the avail- 
able microprocessors, computers and related soft- 
ware. Some of the difficulties have related to the 
need to convert error readings into actual adjust- 
ments. Other technicians have encountered difficul- 
ties as they move the available laser alignment 
equipment from one machine tool and work station 



to another on a particular manufacturing line, or as 
they move the laser equipment from one manufac- 
turing line to another. In particular, a technician 
may have to employ different series of alignment 

5 steps and calculations depending upon the equip- 
ment being aligned. On some equipment the laser 
emitter is most conveniently mounted to the tool 
holder, while on other equipment the laser emitter 
is most conveniently mounted on the master part. 

io In some instances adjustments are most conve- 
niently made to the tool holder, while in other 
instances adjustments are more readily made to 
the master part. 

Although the laser alignment equipment shown 

75 in U.S. Patent No. 4,483,618 and in U.S. Patent No. 
4,566,202 are sufficiently adaptable to be used on 
virtually all machine tool systems, the differences 
in the laser set up, mathematical calculations and 
alignment steps have often been confusing to the 

20 typical technician. 

The prior art further includes U.S. Patent No. 
4,679,940 which also issued to Martin R. Hamar. 
U.S. Patent No. 4,679,940 relates to a control sys- 
tem for a photosensitive target for indicating in- 

25 cidence of the beam on the target, for shifting the 
electrical sensing center of the photocell to the 
center of the target housing and for compensating 
for variations in laser beam intensity. 

Another problem with even the more sophisti- 

30 cated laser alignment systems relates to the rota- 
tional orientation of the photosensitive target and/or 
the laser emitter at the time each reading is made. 
In this regard, a typical laser alignment system 
requires the laser emitter and/or the photosensitive 

35 target to be positioned at each of several different 
rotational orientations at which readings will be 
taken. The preferred measurement operation in- 
cludes taking readings at four rotational positions 
separated from one another by 90' degrees, 

40 namely 12 o'clock, 3 o'clock, 6 o'clock and 9 
o'clock. To facilitate this aspect of the laser align- 
ment, the photocell target and/or the laser emitter 
may be provided with four bubble levels. The tech- 
nician may be required to follow a set sequence 

45 wherein the bubble levels are sequentially em- 
ployed to position the photosensitive target or the 
laser emitter at the 12, 3, 6 and 9 o'clock positions 
for readings. The computerized systems that vastly 
simplify or eliminate the computations required by 

50 the technician typically will specify that the read- 
ings be taken in a particular order (e.g. 12, 3, 6 and 
9 o'clock). If the technician inadvertently takes 
readings in a different order, the computer will 
calculate incorrect errors and identify inappropriate 

55 adjustments to be made for correcting those errors. 
Thus, the great precision enabled by laser align- 
ment equipment and the computational efficiencies 
afforded by computers can be completely offset by 
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the mere incorrect order of readings taken by a 
technician. 

Error measurement and resulting computations 
can be further complicated even in those situations 
where readings are taken in the proper sequence. 
For example, machine tools are often disposed in 
close proximity to other manufacturing hardware. 
Structures adjacent to the machine tool being 
aligned may prevent the la^er alignment system 
from being rotated through the preferred range of 
12, 3, 6, and 9 o'clock orientations. In particular, 
the wires leading from the laser emitter or the 
photosensitive target may prevent complete rota- 
tion of one or both units. Although an ability to take 
readings at rotational positions of 2, 6 and 10 
o'clock could provide the necessary data for ac- 
curately calculating errors and identifying neces- 
sary corrections, the computer may not be struc- 
tured for such angular orientations and the bubble 
levels generally would be improperly positioned for 
assuring to the computer that the proper rotational 
orientation has been achieved. 

Still further, a good quality bubble level can 
provide fairly accurate information as to angular 
orientation. However, the errors possible with a 
technician manually aligning a bubble level are far 
greater than the precision enabled by the laser 
emitter and photosensitive target. Thus, the high 
degree of precision enabled by sophisticated photo 
optical electronic equipment is partly offset by the 
inaccuracies of manually positioning a bubble level. 

Although the above described laser alignment 
systems are extremely effective and accurate, it is 
desirable to provide an improved laser alignment 
system that can be more readily employed and 
understood by field technicians. 

Accordingly, it is an object of the subject in- 
vention to provide an improved laser alignment 
system for aligning machine tools and other ap- 
paratus having parts that are movable relative to 
one another. 

It is another object of the subject invention to 
provide a laser alignment system that avoids the 
need for mathematical calculations by the techni- 
cian using the system. 

It is a further object of the subject invention to 
provide a laser alignment system that can be used 
with any of a plurality of different machine tools in 
an industrial work place. 

Yet another object of the subject invention is to 
provide a laser alignment system that accurately 
identified displacement and angular alignment er- 
rors and that further identifies the specific machine 
or workpiece adjustments needed to correct the 
errors. 



SUMMARY OF THE INVENTION 

The subject invention is directed to a laser 
alignment system which comprises a laser emitter 
5 and a photosensitive target. The target comprises 
at least one photocell which is mounted in a hous- 
ing and which is operative to identify the location of 
the center of energy of a laser beam impinging 
thereon. The target employed in the system of the 
io subject invention includes mounting means for 
mounting the target on either the master part or in 
the spindle or other such mounting means of a 
rotatable tool. Similarly, the laser emitter includes 
mounting means for mounting the laser emitter 
75 either on the master part or in the spindle or other 
such mounting means of the rotating tool. Thus, the 
laser emitter and the target are interchangeably 
mountable in either the master part or the rotating 
tool, with the selection being based upon the par- 
20 ticular construction of the system being aligned 
and on the preference of the technician performing 
the alignment. 

The master part and/or the rotating tool may 
comprise prior art means for adjusting their respec- 
25 tive location and alignment. In most instances, the 
adjustment means will comprise shim assemblies 
or shim packs, and will be referred to herein gen- 
erally as shims. However, it is to be understood 
that the term shim, as employed herein, is not 
30 intended to be limiting, and is intended to encom- 
pass other adjusting means for the tool and the 
workpiece. 

The system of the subject invention further 
comprises a data acquisition subsystem or inter- 

35 face which is operatively connected to the target to 
receive electrical signals from the one or more 
photocells of the target. The signals generated by 
the one or more photocells of the target are indica- 
tive of the location of the center of energy of the 

40 laser beam impinging thereon. The known inter- 
faces for use with such targets enable the signals 
generated by the targets to be converted into X-Y 
displacement data and angular alignment data. 

The system of the subject invention further 

45 comprises a computer which is operatively con- 
nected to the interface. The computer is operative 
to store, selectively recall and use data describing 
a plurality of different machine tool systems in a 
manufacturing plant, any one of which can be 

so aligned by the subject system. This input data 
describing the various machine tool stations that 
may be aligned includes an identity of the portion 
of the system that is most readily adjustable. For 
example, as noted above, some work stations will 

55 be constructed such that adjustments are more 
readily made to the master part, while other work 
stations are constructed to more readily facilitate 
adjustments to the machine tool head. The more 
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readily adjustable portion of the work station is 
identified as the "movable unit". The "movable 
unit" is selected by the technician based upon his 
or her understanding of the machine layout. The 
"movable unit" may vary from one station to the 
next, and the designation may readily be changed 
by the technician. 

The computer of the subject invention also 
functions to generate an "effective target". The 
"effective target" is a mathematical target that is 
always effectively placed on the designated 
"movable unit" by the computer. Thus, the com- 
puter places the "effective target" on the "movable 
unit" even if the system configuration is such that 
the actual target is more conveniently placed on 
the component that is not readily adjustable. The 

• "effective target" concept also facilitates the align- 
ment to positions inside a machine tool or work- 
piece that would not otherwise be physically acces- 
sible. Rather, the computer will perform the math- 
ematical calculations to place the "effective target" 
at the desired location even though it may not be 
possible or convenient to place the actual target at 
that location. 

The subject invention also is directed to an 
efficient method which comprises the steps of mak- 
ing the ways of the wing base or spindle holder 
straight; adjusting the wing base ways parallel to 
the master part axis; making the spindle axis par- 
allel to the master part axis and centering the 
spindle to the master part axis. In each of these 
operative steps of the subject method, the com- 
puter provides a clear, simple visual readout which 
may provide instructions to the technician along 
with numerical and graphic data identifying both 

• the raw error and the adjustments needed to cor- 
rect the error on the particular machine tool station 
being aligned. In particular, the computer will pro- 
vide graphic displays indicative of the top and side 
views of both the rotating tool and the master part 
to be aligned. The graphic displays of these oper- 
ative portions of the system show the direction of 
misalignment therebetween. A center line picture 
changes on the computer display in real time as 
the alignment is adjusted. Numerical angle and 
centering errors also are shown at the same time. 
The computer also is operative to generate certain 
portions of the alignment information in large num- 
bers which can be viewed from a considerable 
distance, and thereby enables appropriate adjust- 
ments to be made at locations on the system 
remote from the computer. 

The photosensitive target and/or the laser emit- 
ter of the subject laser alignment control system 
may include rotational orientation sensing means. 
The rotational orientation sensing means may be 
operatively connected to the data acquisition sub- 
system or interface to identify the particular rota- 



tional position of the target for each reading being 
taken. Thus, it is unnecessary for the technician to 
perform readings in a specific order or to specifi- 
cally input rotational orientation alignment data to 

5 the data acquisition subsystem. 

The rotational orientation sensing means may 
comprise a plurality of conductive pins defining loci 
of a circle in a plane perpendicular to the rotational 
axis. A conductive member may be disposed inter- 

io mediate the pins and may be dimensioned to move 
into contact with a plurality of the pins as the target 
or laser emitter is being rotated. The conductive 
member may define a disc, a washer or a conduc- 
tive liquid. The particular combination of conductive 

75 pins contacted by the conductive member will 
identify the rotational orientation of the target or 
laser emitter. 

An alternate rotational orientation sensing 
means comprises a separate laser source and a 

20 separate photosensitive target which may be 
mounted in the housing of the target or laser emit- 
ter being rotated. The laser of the rotational orienta- 
tion sensing means may be generated from the 
primary laser source used for alignment, and may 

25 be diverted from the primary laser beam by a 
beam splitter and other optical members. The laser 
beam of the rotational orientation sensing means is 
aligned generally parallel to the rotational axis of 
the housing. The rotational orientation sensing 

30 means further includes an optical member 
rotationally mounted on bearings and having 
means for ensuring a uniform gravitational orienta- 
tion of the optical member. For example, the op- 
tical member may be provided with a weight that 

35 will maintain the rotationally mounted optical mem- 
ber in a fixed gravitational position for all rotational 
orientations of the housing. The optical member of 
the rotational orientation sensing means may define 
a prismatic wedge or other optical means for di- 

40 verting the incoming laser beam from its original 
path. The angle of such diversion will be constant 
for all rotational orientations of the housing. How- 
ever, the x-y coordinates of the laser beam on the 
target of the rotational orientation sensing means 

45 will vary in accordance with the particular rotational 
orientation. The target of the rotational orientation 
sensing means is operatively connected to the data 
acquisition subsystem or interface. The particular 
x-y coordinates of any reading can readily be con- 
so verted by the interface into a corresponding rota- 
tional orientation. Thus, it is irrelevant what order 
the readings are taking in or whether the readings 
vary from the preferred 12, 3, 6 and 9 o'clock 
positions. 

55 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a general schematic of the system of 
the present invention. 

FIG. 2 is the schematic of a preferred embodi- 
ment of the system of the present invention. 

FIG. 3 is a cross-sectional view taken along a 
center line of the target of the present invention. 

FIG. 4 is a perspective view illustrating the 
"effective target" concept of the present invention. 

FIG. 5 illustrates a main display screen show- 
ing information output from the computer of the 
invention. 

FIG. 6 is a flow chart illustrating how the var- 
ious system processes of the invention are imple- 
mented in the computer of the invention. 

FIG. 7 shows a setup review screen with in- 
formation thereon generated by the computer of 
the invention. 

FIG. 8 shows a Raw Readout Screen with 
information thereof supplied from the computer of 
the present invention. 

FIG. 9 illustrates a "Normin" Screen with in- 
formation thereon generated by the computer of 
the present invention. 

FIG. 10 illustrates a Main Numerical Display 
Screen with information thereon generated by the 
computer of the present invention. 

FIG. 11 illustrates a Target Calibration Screen 
showing information thereon generated by the 
computer of the present invention. 

FIG. 12 illustrates a Configuration Review 
Screen with information thereon generated by the 
computer of the present invention. 

FIG. 13 illustrates a Dimension Input Screen 
with information thereon generated by the com- 
puter of the present invention. 

FIG. 14 presents the calculations that are con- 
ducted utilizing the input data and the measured 
data generated by the system. 

FIG. 15 is a cross-sectional view similar to FIG. 
3 but showing an alternate target having rotational 
orientation sensing means therein. 

FIG. 16 is a cross-sectional view taken along 
line 16-16 in FIG. 15. 

FIG. 17 is a cross-sectional view similar to FIG. 
15, but showing a target with an alternate rotational 
orientation sensing means. 

FIG. 18 is a cross-sectional view taken along 
line 18-18 in FIG. 17. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

FIG. 1 shows one arrangement for the system 
of the present invention where a movable unit 1, 
which may be either a "master part" or a rotatable 
tool holder, has mounted thereto a laser emitter 2 



which emits a laser beam 3. The movable unit 1 is 
mounted on shim feet 4 and 5 which respectively 
rest on shim assemblies 6 and 7. The shim assem- 
blies 6 and 7 can be adjusted, whereupon the 
5 positions of shim feet 4 and 5 and hence the 
position of the movable unit 1 and the laser emitter 
2 can be moved such that the alignment of the 
laser beam 3 is changed. The laser beam 3 im- 
pinges on a photosensitive target 8 which is moun- 
w ted on either a "master part" or rotatable tool 
holder. The target 8 may be a Model T-261 target 
manufactured by Hamar Laser Instruments, Inc. 
Information as to the position and angle of in- 
cidence of the laser beam 3 on the target 8 is 
75 conveyed to interface circuitry 9 and hence to a 
computer 10. The computer 10 outputs information 
on a variety of displays including a main display 
11, a large number display 12 and printer 32. 

FIG. 2 shows one possible arrangement of the 
20 components illustrated schematically in FIG. 1 
wherein a master part 13 has the laser 2 mounted 
thereon to emit the beam 3. The beam 3 impinges 
upon target 8 which is mounted in a spindle 14 of a 
machine tool 16. The machine tool 16 rests on a 
25 shim assembly 18 which in turn is supported by 
wingbase 20. Likewise, the master part 13 is sup- 
ported by centerbase 22. Information is conveyed 
from the target 8 through interface circuitry 9 to 
computer 10 which outputs spindle positioning and 
30 other information on the main display 11 and other 
displays whereupon an operator can correct the 
spindle alignment through use of the shim assem- 
bly 18. 

As stated previously, the major steps of spindle 

35 alignment using the system of the subject invention 
are the making of the wingbase way straight, ad- 
justing the wingbase ways such that they are par- 
allel to the master part axis, making the spindle 
axis parallel to the master part axis and centering 

40 the spindle to the master part axis. 

At the outset it should be noted that the master 
part axis is the primary reference generally used to 
align the spindles. Alignment of the spindle 14 to 
the axis 23 of the master part 13 in FIG. 2 is 

45 facilitated with the subject invention by the com- 
puter 10 which generates an "effective target". 
This "effective target" is a mathematical target 
which is always placed on a movable unit, such as 
the movable unit 1 in FIG. 1, by computer 10. The 

50 computer is able to "read" from the four-axis target 
8 in FIG. 1 or 2 enough information so that it can 
calculate what this "effective target" should read 
had the target 8 really been mounted on the mov- 
able unit 1 of FIG. 1. The computer 10 displays this 

55 reading of the "effective target" through the main 
display 11 and/or any other display. The reading 
will be the same whether the laser 2 or the target 8 
is mounted on the movable unit 1 of FIG. 1. 
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As shown in FIG. 3, the target 8 includes a 
housing 24 with a mounting stud 25 extending 
rigidly therefrom. The mounting stud 25 is dimen- 
sioned for mounting the target 8 in a spindle or 
master part, such as the spindle 14 or master part 
13 depicted in FIG. 2. A beam splitter 26 is moun- 
ted in the housing 24 and is operative to transmit 
approximately 50% of the incoming laser beam 3. 
The transmitted beam is identified by the numeral 
3a in FIG. 3. The remaining 50% of the incoming 
beam 3 is reflected 90° by the beam splitter 26 
from its original path and toward a right angle 
prism 27. The prism 27 is operative to reflect the 
beam another 90°. This reflected beam is iden- 
tified generally by the numeral 3b and extends 
substantially parallel to the transmitted beam 3a. 

• The transmitted beam 3a passes through a col- 
limating lens 28 and is reflected 90° again off 
prism 29 and toward a target cell 30. The beam 3b 
is reflected 90° off prism 31 toward target cell 32. 
The target cells 30 and 32 are electrically and 
operatively connected to the interface circuit 9 
FIGS. 1 and 2 by cable 33. as shown in FIG. 3. 
Each target has an active flat surface or cell plane 
which is operative to collect the energy of the laser 
beam 3a or 3b impinging thereon, and to provide a 
signal identifying the position of the center of en- 
ergy of the laser beam 3a or 3b thereon. 

The effective cell plane 34 shown in FIG. 3 is a 
location spaced from the reflective surface of the 
prism 29 a distance which is equal to the distance 
between the reflective surface of the prism 29 and 
the target cell 30. The location of the effective cell 
plane 34 may be specifically identified on the 
mounting stud 25 of the target 8 to enable place- 

*ment of the effective cell plane at a desired mea- 
surement or alignment point on the machine tool or 
master part depicted in FIG. 2. This construction, 
as explained in the above described prior art U.S. 
Patent No. 4,483,618 enables the target 8 to func- 
tion exactly as if the target cell 30 were placed at 
the effective cell plane 34. Additionally, as ex- 
plained in the prior art U.S. Patent No. 4,483,618, 
the illustrated disposition of the target cell 30 and 
the effective cell 34 renders the target 8 substan- 
tially insensitive to angular misalignment about the 
desired measurement or alignment point on the 
machine too! or master part. The target 8 illustrated 
in FIG. 3 provides certain advantages beyond those 
illustrated in the above referenced U.S. Patent No. 
4,483,618. In particular, the target 8 enables an- 
gular alignment data to be collected by the target 
cell 30 while displacement data is simultaneously 
being collected by the target cell 32. In contrast, 
the prior art targets had required these readings to 
be taken sequentially, with a collimating lens being 
selectively positioned in the path of the incoming 
laser beam. The construction of the target 8 illus- 



trated in FIG. 3 enables the simultaneous assess- 
ment of displacement and alignment data, thereby 
greatly facilitating machine alignment processes. 
Additionally, the computer referred to herein en- 

5 ables the efficient use of the data collected by the 
target cells 30 and 32 to indicate alignment and 
displacement errors and to indicate the specific 
adjustments that will be needed for the particular 
machine tool station being aligned. 

io FIG. 4 is a perspective view of the target 8 

which shows how the "effective cell plane" concept 
is especially useful because the "sense" of the 
readings-that is, high and low and left and right- 
-are stated to be those which would be expected if 

75 one were looking into or at the spindle of the 
movable unit. 

FIG. 5 shows the main display 1 1 generated by 
the computer 10 of the inventive system. As shown 
therein, the main display 11 gives both a side and 

20 top view of the spindle misalignment. The glyphs 
or pictures in the upper part are a "side" and "top" 
view of the spindle misalignment. They only show 
the direction of misalignment. On the other hand, 
the display on the lower half of FIG. 5 can be 

25 thought of as a representation of the spindle center 
line. It shows both the amount and direction of 
spindle center line misalignment. This display is 
active and will move proportionately to a spindle 
head move. When it shows 0-0 the spindle is 

30 aligned. The numbers in the middle refer to the 
error under the front and rear shim feet 4 and 5 
(FIG. 1). This numerical display can be toggled 
between a "shim" display which shows the actual 
move required and an "error" display which shows 

35 the actual misalignment. 

Reference to the flow chart of FIG. 6 makes it 
clear that the main menu in the program represents 
the primary way of moving about the various parts 
of the program. Also, the main menu may be 

40 reached from any of the first operational menus (- 
[1], [2] and [3]). 

It should be noted that the main menu is not 
required for aligning spindles. However, if any 
number of functions such as calibration, recalling of 

45 data, resetting of some parameters or calibration of 
targets is necessary, the main menu is the choice 
to further direct the use to other parts of the 
program. 

The seven main menu choices are herein de- 

50 scribed in some detail: 

The new spindle check menu choice simply 
restarts the program with a brand new check. Se- 
lection of this menu choice merely restarts the 
operational steps of the program. 

55 The data input-automatic menu selection mere- 

ly facilitates a toggling operation wherein it allows 
the operator to switch between automatic or man- 
ual data input. 
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The return to display choice simply returns an 
operator back to the current display he or she had 
been working on. All data is retained and an oper- 
ator may go "back to work" with that particular 
spindle. 

The configuration program menu selection is a 
branch to the configuration (selection of spindle 
work station and line) and calibration portion of the 
program. 

The print review data menu selection allows an 
operator to review data that has been saved. This 
can be current data for a spindle presently being 
worked on, or data from older spindle measure- 
ments. The data can be printed if desired. 

The retake data menu choice is used when a 
spindle has been aligned and it is desired to take a 
new set of "Normin" readings prior to completing a 
job. If this menu choice is used, the operator is 
returned directly to the set-up review screen of 
FIG. 7 just prior to the "Normin" screen itself. 

The exit program exits the program and returns 
the operator to disk operation system. At this point 
the computer would be turned off. 

As shown in the flow chart of FIG. 6, the 
spindle mode menu comprises a first major branch 
in the program. Its menu choice selections com- 
prise full spindle check, quick spindle check and 
main menu. The main menu choice has already 
been discussed in detail. Quick spindle check pro- 
ceeds directly to the set-up review screen. A full 
spindle check requires the user to go through all 
the set-up screens. 

The menu choices after a full spindle check are 
detailed as follows: 

The line selection menu choice allows the op- 
erator to view a selection of three display screens 
respectively dedicated to the lines, stations, and 
heads of the manufacturing facility. This enables 
the operator to conform the computer to a particu- 
lar configuration of line, station, and head that is 
being employed for a manufacturing operation. 

Target selection is a menu choice wherein the 
operator "tells" the computer which target he or 
she is using. These targets can be listed by num- 
ber. The program automatically loads calibration 
factors for the particular selected target. 

The target port selection makes available to the 
operator a screen whereby the operator will "tell" 
the computer where he has connected the target 
shown in the screen above as, for example, by 
inputting the entries "connect target to port A" or 
"connect target to port B". 

The target cable orientation menu allows the 
operator to "tell" the computer whether a 12-6 
o'clock or 3-9 o'clock target cable orientation will 
be made for the "Normin" mounting error correc- 
tion measurements. 
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The quick spindle check menu selection on the 
spindle mode menu enables the operator to view 
the set-up review screen 40 of FIGS. 1 and 7. The 
pictures to the right on the screen of FIG. 7 show 

5 where the laser and target should be mounted for 
alignment. It is important that they be mounted as 
shown because the computer is "expecting" this 
set-up and will calculate and display the spindle 
misalignment based on the set-up shown. 

io The raw reading display menu choice from the 

full spindle check menu displays for the operator 
the raw readout screen 42 of FIGS. 1 and 8. The 
raw readout screen shows four sets of numbers: 
vertical and horizontal center and vertical and hori- 

75 zontal angle. These readings are raw readings in 
that the operator is reading the target in its real 
location, not the "effective target". The entire pur- 
pose of the raw readout screen 42 of FIG. 8 is to 
allow the operator to detect whether the laser and 

20 target are properly mounted in their spindles. If 
they are poorly mounted due to chips, burrs or 
inaccurate fixturing, significant errors can result, 
especially if alignments of great precision are re- 
quired. 

25 The "Normin" reading display menu choice of 

the full spindle check menu shown in FIG. 6 results 
in the display of FIG. 9. The word "Normin" refers 
to the Normin principle of taking two reading of 
"NORMal reading" at 0° and an "INverted read- 
30 ing" at 180°. The two readings of the laser plane 
and the target plane are combined in the computer 
to determine the mounting errors of both laser and 
target. The computer can subtract the mounting 
errors from incoming "raw" reading and then dis- 
ss play mounting errors that are "clean". The operator 
sees pure spindle to master part misalignment er- 
rors. 

The target used with the computer program for 
"Normin" display is the simultaneous four-axis tar- 
40 get that outputs both center and angle information 
at the same time. Only three "Normin" readings 
need be taken to establish the mounting errors. 
The upper left part of the screen of FIG. 9 shows 
the operator where to rotate the laser and target, 
45 and the upper right side tells the operator where to 
rotate the laser and target. 

The numerical display 34 shown in FIGS. 1 and 
10 for the full spindle check can be shown in any 
one of several configurations. It can show misalign- 
so ment at the front and rear shim feet 4 and 5 (FIG. 
1) as the main display or it can show center and 
slope misalignment. Choice of these modes de- 
pends on the prevailing conditions. In some cases, 
it is desirable to look directly at the slope. Gen- 
55 erally speaking, spindles are adjusted for parallel- 
ism first and then for center. If shim moves are 
being made, then the ship type of display would be 
the better choice. The above mentioned full spindle 
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numerical displays can be toggled between English 
and metric units. 

The numerical display for quick spindle is ex- 
actly the same as for full spindle except it only 
shows center and angle mode. It cannot show shim 
errors, since this quick spindle has no dimensional 
information. The quick spindle portion of the pro- 
gram is thus unable to calculate the shim errors 
and moves. 

In addition to the operations program whose 
flow chart is shown in FIG. 6, the computer of the 
inventive system described herein also has a pro- 
gram side in which configurations are established. 
The configuration side provides for two principal 
tasks to be performed, that is, target calibration and 
the setting up of configurations. The configuration 

• side is reached through the configuration program 
choice on the main menu shown in FIG. 6. This is 
the side of the program where all configurations are 
set up or modified. The main menu for the configu- 
rations side of the program comprises the three 
choices of configuration and data menu, set up 
configuration, and return to main program. Among 
the screen displays output by the computer in 
response to the configuration side of the program 
are the target calibration factor screen 46 shown in 
FIGS. 1 and 1 1 , the configuration review screen 48 
of FIGS. 1 and 12 and the dimension input screen 
of FIGS. 1 and 13. The target calibration screen 46 
shown in FIG. 11 discloses an active window en- 
titled "Vertical-Angular Mode" which is an active 
readout for the axis of the target which has been 
highlighted. This window will "connect" to a dif- 
ferent axis upon input from the operator. The con- 
figuration review screen 48 of FIG. 12 allows the 

• operator to review and change all of the choices 
made with regard to configuration information. After 
making a change, the operator is returned to the 
configuration review screen whereby additional 
changes can be made. When the configuration is 
correct, the operator must "name" the configura- 
tion which has been set up before programming 
can continue. Any configuration already stored can 
be copied and also any configuration can be de- 
leted. 

The dimension input screen 50 of FIG. 13 
denotes six dimensions by the letters A through F. 
The actual dimension required is shown by a two 
view picture on the right hand side of the screen. 
As a particular dimension is highlighted, such as 
the dimension "D = 3.00 in" in FIG. 13, that letter 
designation is reverse videoed in the drawing to 
the right. Dimensions may be entered in either 
inches or millimeters. The program "remembers" 
all dimensions in English units and only converts to 
metric units when the metric option has been se- 
lected. The "file name" in the lower left corner is 
the name that this configuration is saved under on 
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the disc. The computer remembers each configura- 
tion as a number so the line, station, and head 
designations are really saved in the file as num- 
bers. 

5 FIG. 14 displays the analysis completed by the 

system using input variables and measured data to 
determine the front foot and rear foot vertical ad- 
justments (FFV and RFV) and the front foot and 
rear foot horizontal adjustments and horizontal an- 

w gular adjustments (FFH, RFH and FAH). The ab- 
breviations used in these equations are explained 
immediately before the equations in FIG. 14. In 
addition to those abbreviations, it should be noted 
that ABS is the standard abbreviation for absolute 

75 value, while the abbreviation ROT refers to "rear of 
target". It will be noted that the input data and the 
measured values are used in the equations to 
calculate shim adjustments even though the actual 
cell plane or "rear of target" is spaced a consider- 

20 able distance from the shims or other such adjust- 
ment means, and in the case 3 illustration of FIG. 
14, the rear of the target T is disposed on the 
nonadjustable member, while the laser L is moun- 
ted to the adjustable member. 

25 An optional target for use in the laser alignment 

system of FIG. 2 is shown in FIGS. 15 and 16 and 
is identified generally by the numeral 108. The 
target 108 is similar to the target 8 depicted in FIG. 
3 and includes a housing 124 with a rigid mounting 

30 stud 125 for mounting the target 108 in a spindle or 
master part. A beam splitter 126 is mounted in the 
housing 124 and is operative to transmit approxi- 
mately one-half of the incoming laser beam 103 
along its original line of travel as indicated by 103a. 

35 The remaining portion of the laser beam is diverted 
as indicated by 103b. The diverted beam 103b is 
reflected 90° by a right angle prism 127 into an 
alignment substantially parallel to the incoming 
beam 103 and the transmitted beam 103a. 

40 The transmitted beam 103a passes through a 

collimating lens 128 and is reflected 90° off a 
second right angle prism 129 and to a photosen- 
sitive target 130. The photosensitive target 130 is 
operative to sense the angle of the incoming laser 

45 beam. The diverted beam 103b of the original 
incoming laser beam 103 continues to a third right 
angle prism 131 and onto a target cell 132 which is 
operative to sense displacement. 

As explained above, several readings are taken 

50 with the target 108 at each of a plurality of different 
rotational orientations. The preferred alignment pro- 
cedure includes taking four separate readings at 
each of four rotational orientations of the target 
separated by 90* from one another. To facilitate 

55 this procedure, the housing 124 of the prior art 
target was provided with a plurality of bubble levels 
140, 141, 142 and 143 illustrated schematically in 
FIGS. 15 and 16. The bubble levels 140-143 were 

9 
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employed by a technician to achieve four rotational 
alignments of the target 124 corresponding to the 
12, 3, 6 and 9 o'clock readings. However, as ex- 
plained above, the data acquisition subsystem ex- 
pected to receive the four readings in a specified 5 
order. The data acquisition subsystem assumed 
that the readings it received resulted from the 
anticipated order of readings and would calculate 
errors and required adjustments based on that as- 
sumption. Consequently, if the technician com plet- 10 
ed the readings in any other order, the data ac- 
quisition subsystem would yield and entirely in- 
correct set of error calculations and a correspond- 
ingly incorrect set of corrections. 

To avoid this problem, tYie target 124 is pro- 75 
vided with a rotational orientation sensing means 
identified generally by the numeral 144 in FIGS. 15 
and 16. The rotational orientation sensing means 
144, as shown in FIG. 16 includes four conductive 
pins 145, 146, 147 and 148 respectively which are 20 
spaced from one another by substantially 90° and 
define loci of a circle orthogonal to the rotational 
axis of the target 124. The conductive pins 145-148 
are operatively connected to the cable 137 extend- 
ing from the target 1 24, and further are operatively 25 
connected to the data interface subsystem de- 
scribed and illustrated above. 

The rotational orientation sensing means 144 
further includes a conductive disc 150 movably 
captured intermediate the conductive pins 145-148 30 
and dimensioned to engage no more than two of 
the conductive pins 145-148 at any one time. As 
shown in FIG. 16, the target is oriented with the 
cable 137 pointing in the 6 o'clock direction and 
with the conductive disc 150 supported by the 35 
conductive pins 146 and 147 and being spaced 
from the conductive pins 145 and 148. The con- 
ductive disc 150 will thus complete the circuit 
between the conductive pins 146 and 147, and 
thereby generate a signal interpreted by the data 40 
acquisition subsystem as a rotational orientation 
where the cable is aligned in the 6 o'clock direc- 
tion. 

Phantom lines are employed to show the other 
possible positions of the conductive disc 150 in 45 
different rotational orientations of the target 124. In 
particular, when the cable 137 is aligned in the 9 
o'clock position, relative to the FIG. 15 vantage 
point, the disc 150 will be supported by and con- 
ductively contact the pins 145 and 146 as indicated 50 
by the phantom line disc 150g. When the target 
124 ia oriented with the cable 137 aligned in the 12 
o'clock position, the disc 150 will engage the con- 
ductive pins 145 and 148 as indicated by the 
phantom line disc 150i2. When the target 124 is 55 
oriented with the cable 137 in the 3 o'clock posi- 
tion, the conductive disc 150 will contact the con- 
ductive pins 147 and 148 as indicated by the 



phantom line disc 15O3. As noted above, the sig- 
nals generated by the conductive contact of the 
disc 150 with a pair of pins 145-148 will uniquely 
indicate a particular rotational orientation of the 
target 124. The technician need merely approxi- 
mately align the target 124 using the bubble levels 
140-143 in any convenient order. The data inter- 
face subsystem will interpret the order from the 
signals generated by the conductive disc 150 and 
will complete the necessary calculations. 

An alternate rotational orientation subsystem is 
illustrated in FIGS. 17 and 18. In particular, FIGS. 
17 and 18 show a target 208 that is structurally and 
functionally similar to the target 8 depicted in FIG. 
3 and the target 108 depicted in FIGS. 15 and 16. 
The target 208 is provided with a rotational orienta- 
tion sensing means identified generally by the nu- 
meral 244 in FIG. 17. The rotational orientation 
sensing means 244 includes a laser source 245 
operative to generate a laser beam 246 substan- 
tially parallel to the rotational axis of the target 208. 
The rotational orientation sensing means 244 fur- 
ther includes a photosensitive target 247 mounted 
in the housing 224 of the target 208 in a position to 
be impinged upon by the laser beam 246. A pris- 
matic wedge 248 is rotationally mounted on bear- 
ings 249 intermediate the laser source 245 and the 
target 247. The prismatic wedge 248 is operative to 
divert the laser beam 246 from its initial path into a 
specified path 246a at an angular alignment to the 
incoming laser beam 246. 

The prismatic wedge 248 includes a weight 
250 on one side. The combination of the weight 
250 and the bearings 249 causes the prismatic 
wedge 248 to assume a substantially constant 
gravitational orientation despite rotations of the tar- 
get housing 224. In particular, as the target housing 
224 is rotated in a machine tool or master part 
about the central axis of the target, the weight 250 
will cause the prismatic wedge 248 to rotate in its 
bearings 249 such that the weight is always in a 
gravitationally downward position. As a result, the 
diverted laser beam 246a will transcribe an annulus 
252 on the target 247 as depicted in FIG. 18. At 
each orientation of the target, the laser beam 246a 
will define a unique set of x-y coordinates on the 
target 247 corresponding to the particular angular 
orientation of the housing 224. As noted above, the 
target 247 is operatively connected to the data 
interface subsystem described and illustrated 
above. The data interface subsystem is operative 
to convert the x-y coordinates of the reading by the 
target 247 into a corresponding rotational orienta- 
tion of the housing 224. Thus, at any instant when 
readings on the targets 230 and 232 are taken, the 
data interface subsystem will have received signals 
from the target 247 defining the precise rotational 
orientation of the target housing. Thus, the target 
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208 goes beyond the capabilities of the target 108 
described above in providing precise rotational ori- 
entation data without the need to manually level the 
target 208. Furthermore, the target 208 is able to 
produce plural rotationally distinct readings in situ- 
ations where the preferred 12, 3, 6 and 9 o'clock 
readings can not be taken due to interference of 
adjacent structures. 

Although preferred embodiments of the inven- 
tion have been shown herein, numerous other em- 
bodiments within the scope of the appended claims 
will readily occur to those skilled in the relevant 
technical art. For example, rotational orientation 
sensing means other than those depicting herein 
may be employed. In particular, systems with more 
then four conductive pins may be provided to yield 
^greater accuracy as to the particular rotational ori- 
"entation of the target or laser. Furthermore, con- 
ductive means other then a disc or washer may be 
employed, such as a conductive fluid. In embodi- 
ments using a prismatic wedge or like means for 
diverting an incoming laser beam, it may not be 
necessary to employ a separate and distinct lasing 
source. In particular, additional beam splitters may 
be employed to divert portions of the primary in- 
coming laser beam into the prismatic wedge or 
other rotationally mounted beam diverting means. 
Additionally, the rotational orientation sensing 
means may be incorporated into the laser emitter 
instead of or in addition to the target. 

Claims 

1. A control system for aligning an operating 
member to a part comprising: 

a laser means for generating a laser beam, 
f said laser means being removably mountable 
to a selected one of said operating member 
and said part; 

a photosensitive target capable of generat- 
ing signals identifying locations at which the 
laser beam impinges thereon, said photosen- 
sitive target being removably mountable in a 
selected one of the operating member and the 
part; 

rotational orientation sensing means moun- 
ted to a selected one of said laser means and 
said photosensitive target for generating a sig- 
nal identifying the rotational orientation of the 
selected one of the laser means and the pho- 
tosensitive target to which the rotational ori- 
entation sensing means is mounted; and 

computer means operatively connected to 
said target and said rotational orientation sens- 
ing means for calculating alignment data based 
on the signals generated by the target for each 
of plural rotational orientations of at least one 
of said target and said laser means. 



2. A control system as in claim 1, wherein the 
rotational orientation sensing means compris- 
ing a plurality of electrically conductive termi- 
nals operatively connected to the computer 

5 means and rigidly mounted to a selected one 

of the laser means and the target for rotation 
therewith, a conductive means disposed inter- 
mediate the terminals and being in electrical 
contact with less then all of the plurality of 

10 terminals, said conductive means being dimen- 

sioned to move relative to said terminals in 
response to rotation of the selected one of the 
laser means and target to which the terminals 
are mounted, such that the terminals contacted 

75 by the conductive means varies with said rota- 

tion, whereby the contact of the conductive 
means with the terminals generates signals 
indicative of rotational orientation. 

20 3. A control system as in claim 2, wherein the 
conductive means comprises a disc movable 
relative to the terminals for rotation into contact 
with selected ones of said terminals. 

25 4. A control system as in claim 1, wherein the 
rotational orientation sensing means comprises 
a housing, a second laser means mounted in 
the housing for generating a second laser 
beam, a second photosensitive target mounted 

30 in the housing and capable of generating sig- 

nals identifying locations at which the second 
laser beam impinges thereon, and optical 
beam diverter disposed intermediate the sec- 
ond laser means and the second photosen- 

35 sitive target and being operative to divert the 

second laser beam, the beam diverter being 
rotationally mounted relative to the housing, 
diverter stabilizing means for preventing rota- 
tion of the beam diverter in response to rota- 

40 tion of the housing, such that the second laser 

beam transcribes an annulus on the target in 
response to rotation of the housing, and such 
that each location on the annulus corresponds 
to a particular rotational orientation of the hous- 

45 ing. 

5. A control system as in claim 4, wherein the 
beam diverter is a prismatic wedge and 
wherein the diverter stabilizer comprises a 

so weight mounted to a selected side of the beam 

diverter for gravitation ally stabilizing the beam 
diverter despite rotation of the housing. 

6. A photosensitive target for a laser alignment 
55 control system, said system including com- 
puter means operatively connected to the tar- 
get for receiving electrical signals therefrom, 
said target comprising a housing, a photocell 
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mounted in the housing and being capable of 
generating signals identifying locations at 
which a laser beam impinges thereon, mount- 
ing means projecting from said housing for 
mounting the target in a member for rotation 5 
about a rotational axis, and rotational orienta- 
tion sensing means for generating signals 
identifying rotational orientation of the housing, 
said rotational orientation sensing means being 
connectable with the computer for transmitting 10 
signals thereto. 

7. A target as in claim 6, wherein the rotational 
orientation sensing means comprises: 

a plurality of electrically conductive termi- is 
nals mounted in the target and defining a plane 
angularly aligned to the rotational axis, a con- 
ductive member disposed in the housing inter- 
mediate the terminals, the conductive member 
being dimensioned to contact less than all of 20 
the terminals and being movable in response 
to said rotation, such that the terminals con- 
tacted by the conductive member varies in 
accordance with the rotational orientation of the 
housing, whereby the terminals contacted by 25 
the conductive members generate signals 
identifying the rotational orientation of the 
housing. 

8- A target as in claim 6, wherein the rotational 30 
orientation sensing means comprises a second 
laser means rigidly mounted in the target for 
generating a second laser beam, a second 
photosensitive target rigidly mounted in the 
target and capable of generating signals iden- 35 
tifying locations at which the second laser 
beam impinges thereon, a beam diverter 
rotatably mounted intermediate the second la- 
ser means and the second photosensitive tar- 
get for diverting the second laser beam, and 40 
stabilizing means for preventing rotation of the 
beam diverter with rotation of the target, 
whereby rotation of the target causes the sec- 
ond laser beam to transcribe an annulus on the 
second photosensitive target, with each loca- 45 
tion on the annulus defining a particular rota- 
tional orientation of the photosensitive target. 

9. A rotational orientation sensor for a laser con- 
trol system for aligning an operating member 50 
to a part, said control system including a first 
laser means for generating a first laser beam, 
said first laser means being mountable in a 
selected one of said operated member and 
said part, photosensitive target capable of gen- 55 
erating signals identifying locations at which 
the first laser beam impinges thereon, said 
photosensitive target being mountable in a se- 
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lected one of the operating member and the 
part, computer means operatively connected to 
said target for calculating alignment data 
based on the signals generated by the target, 
a selected one of the first laser means and the 
photosensitive target defining a rotatable com- 
ponent for generating signals at each of a 
plurality of different rotational orientations, the 
rotational orientation sensing means being 
mounted to the rotatable component and in- 
cluding: 

a second laser means rigidly mounted in 
the rotatable component for generating a sec- 
ond laser beam; 

a second photosensitive target rigidly 
mounted in the rotatable component and ca- 
pable of generating signals identifying loca- 
tions at which the second laser beam impinges 
thereon; 

a beam diverter rotatably mounted inter- 
mediate the second laser means and the sec- 
ond photosensitive target for diverting the sec- 
ond laser beam; and 

stabilizing means for preventing rotation of 
the beam diverter in response to rotation of the 
rotating component, whereby rotation of the 
rotatable component causes the second laser 
beam to transcribe an annulus on the second 
photosensitive target with each location on the 
annulus defining a particular rotational orienta- 
tion of the photosensitive target. 

10. A rotational orientation sensor as in claim 9, 
wherein the second laser means comprises a 
beam splitter for diverting a portion of the first 
laser beam, the diverted portion of the first 
laser beam defining the second laser beam. 

11. A rotational orientation sensor comprising a 
rotatable housing, a laser means mounted in 
the rotatable housing for generating a laser 
beam, a photosensitive target mounted in the 
housing and capable of generating signals 
identifying locations at which the laser beam 
impinges thereon, a beam diverter rotatably 
mounted intermediate the laser means and the 
photosensitive target for diverting the laser 
beam, and stabilizing means for preventing 
rotation of the beam diverter in response to 
rotation of the housing, whereby rotation of the 
housing causes the laser beam to transcribe 
an annulus on the photosensitive target, such 
that each location on the annulus defining a 
particular rotational orientation of the housing. 
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